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B A T I O N A i  ADVISORY COMMZTTEE FOB AERONAUTICS 

ADVANCE - REPORT 

A STUDY OF THE &6?PLIGATfOE OF DATA ON VABfOUS !I!T;PES. 

423’ l L a P  TO THE DESIGN OF BfGETE3 BRAXES 

By Paul E. P u r s e r  

. .  
An approximate  method o f  a p p l y i n g  t he  a v a i l a b l e  da ta  

on v a r i o u s  t y p e s  O P  f l a p %  i n  t h e  d e s i g n  o f  f i g h t e r  b r a k e s  
i s  p r e s e n t e d  t a g e t h e r  w i t h  s e v e r a l  examples o f  i t s  u se .  
Tne examples p r e s e n t e d  h e r e i n ,  &ow t h e  computed r e s u l t s  
of t h e  a p p l i c a t i o n  o f  various arrangemeu-hs o f  p e r f o r a t e d  
d o u b l e- s p l i t  f l a p s  and combina t ions  of uppe r- su r face  pe r-  
f o r a t e d  s p l i t  f l a p s  and  an  NBGA clotted f l a p  for u s e  as  
b r a k e s  on a f i g h t e r  a iq21ane .  The computed e f feGLs  o f  
f l a p  type, s i z e ,  l o c a t i o n ,  and d e f l e c t i o n  a s  w e l l  as t h e  
e f f e c t s  o f  a l t i t u d e  , a n d  i n i t i a l  v e l o c i t i e s  on t h e  brstking 
c h a r a c t e r i s t i c s  a r e  shown i n  t h e  examples.  . .  

I N T R O D U C T I O N  

A need has a r i s e n  for d e v i c e s .  t h a t  w i l l  t e m p o r a r i l y  
r educe  t h e  v e l o c i t y -  of a t t a c g i n g  f i g h t e r ’  a i r c r a f t  i n  o r d e r  
t h a t  t h e  p i l o t ’ w i l l  have liiore t ime  f o r  f . i s ing . .  Two of  t h e  
d e s i r a b l e  c h a r a c t e r i s t i c s  t h a t  a f i g h t , e r ’  b rbke  should have 
a r e ?  ‘(1) enough i n c r e a s e  i n ’  drag c o e f f i c i e n t  t o  d e c e l e r a t e  
the. a i r s i l a n e  w i t h i n  a . r e a s o n a b l e +  t ime  a f t e r  the!  brakes 
are  app&ied ;  and (2) enough i n c r e a s e  i n  . l i f t  c o e f f i c i e n t  
t o  main.Iia$lz, l e v e l  f Z i g h t  as t h e  v e l o c i t y  5 s  r e d u c e d ,  w i t h  
as small changes as p o s s i b l e  i n  a n g l e  o f  a t t a c k  and cDn- 
t r o l  p o s i t i o n .  .. , ’ , 4. 

I n  view o f  t h i s  need f o r  f i g h t e r  br’akes, t h e  NACA 
has u n d e r t a k c n  an i p v e s t i g a t l o n  t o  d e t e r m i n e  t h e  a p p l i -  
c a b i l i t y  o f  v a r i o u s  e x i s t i n g  t y p e s  o f . f l a p  and t o  deve lop  
methods o f  a p p l y i n g  data on t h e s e  f l a p s  i n  t h e  d e s i g n  Qf 
f i g h t e r  b r a k e s .  
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. The p r e l i m i n a r y  r e q u i r e m e n t s  f o r  b r a k e s  .on a f i g h t e r  
a i r p l a n e  ( f i g ,  1) were:  (1) i n d i c a t e d  v e l o c t t y  t o  b e  
r educed  f r o m  400 Co 300 a i l e s  per hour  i n  4 seeonde ,  (2) 
brakes C q  ocsupy $ha same span as t h e  e x i s t i n g  f l a p a ,  (3) 
a v e r a g e  & e c e l e r a t i o n  t o  be about 1,6g, The a i r p l a n e  
g e o a e t r f c  c b a r a c t e r i s t f c s  used i n  the computat ions  were: 

S wing a r e a ,  260 s q u a r e  f e e t  

b wing span ,  38.0 f e e t  

c wing mean atsroc?ynamio c h o r d ,  7.01 f e e t  

bf f l a p  span ,  0.525b ( n o t  i n c l u d i n g  f u s e f a g e )  

cf a v e r a g e  f l a p  cho rd ,  0 . Z O S o  

W g ros s  w e i g h t ,  7063 pcrunds 

The e f f e c t s  o f  t h e  f l a p s  were assumed n o t  t o  'be con- 
tinuous through t h e  f u s e l a g e .  

For t h e  p r e l i m i n a r y  i n v e s t i g a t i o n  i n  which t h e  p e r - .  
f o r a t e a  d o u b l e- s p l i t  f l aps  were u s e d ,  an  a r b i t r a r y  f l a p  
m o t i o n  w a s  assumed: t h e  uppe r  and lower  f l a g s  d e f l e c t  
equal ly  L o  40' i n  5 second,  t h e n  t o  a maxi.mun of 6 0 ° ~ i n  
t h e  n e x t  3 seconds ,  and t h e n  back t o  z e r o  i n  t he .  nex t  
second', A n g l e -o f  attack a, (for c o n s t a n t  1 i f t ) ; l f f t  ' 

c o e f f i c i e n t  Cs, drag G o e f f i c i e n t  CP, and p i t o h i n g- '  
monent c o e f f i e d e n t  C,, a c c e l e r a t i o n  a, and i n d i c a t e d  
v e l o c i t y  Y t  were *hen d e t e r i i n e d  from t he  data i n  i e f -  . 
e r e n c e  1 by a s tep- by- step method as i n  r e f e r e n c e  2, 
u s i n g  h a l f- s e e o n 8  i n t e r v a l s  and t h e  f o l l o w i n g  r e l a t i o n -  
s 'h ips :  

Change i n  true v e l o c i t y  V per unit time t, 

Change fn i n d $ c a t e d  v e l o c i t y  Q r  p e r  u n i t  t i n e  t ,  

i 



%, 

. .  c- b . 5  Q 

t 

where 

gsav i t ,y  (32.2 f t / s e r 2  o r  21 .6 'mph/sec)  

B r a t i o  o f  d e n $ i t y  a t  a l t i t u d e  t o  s e a- l e v e l  d e n s i t y  . ,  
- ( P / P o )  

. I n d i s a t e d  v e l o c i t y  VI, n f l e s .  ?e? h m r  

at s e a  l e v e l  

a t  25 ,000  f e e t  

The e f f e c t s  o f  (1 2) and y i s  dynamic  33ressure 1 -pV . 
changes  i n  t h r u s t  during d e c e l e r a t i o n  -were n e g l e c t e d  in 
o r d e r  t o  s i m p l i f y  t h e  computa t ions ,  

'\2 / 

Jn t h e  e a s e s  where t h e  a n g l e  o f  attack was m a i n t a i n e d  
a t  a c o n s t a n t  v a l u e ,  t h e  f l a p s  ivere asskme8 t o  o p e r a t e  
d i f f e r e n t i a l l y  i n  such a manner t h a t  t h e  Larger  d e f l e c -  
t i o n  o f  t h e  lower  f l a p  . s u p p l i e d  t h e  l i f t  . c o e f f i c i e n t  nec-  
essary t o  m a i n t a i n  t h e  c o n s t a t l t  ang le  o f  a t t a c k  and t h e  
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d r a g  and GeceXera t ion  c h a r a c t e r i s t i c s  remained t h e  $am8 
2s those o f  t he  arrangement  w i t h  e q u a l  up-and-down de- 
f 1 e c t  i ons, 

For t h e  i n v e s t i g a t i o n  o f  the use o f  t h e  s l o t t e d  f l a p ,  
an a r b i t r a r y  a c c e l e r a t f o n  c u r v e  w a s  assumed; t h e  a c c e l e r -  
a t i o n  i n g r e a s e d  u n i f o r m l y  f r o m  zero t o  1,Og f o  1 second ,  
remai,ned c o n s t a a t  a t  1.Og for ,7,5 seconda and  d e c r e a s e d  
t o  z e r o  i n  t h e  n e x t  second,  Prom % h i s  a c c e l e r a t i o n  c u r v e  
a n d  t h e  i n i t i a l  v e l o c i t y  and a l t i t u d e ,  i t  was p o s s i b l e  t o  
compute t h e  c u r v e s  of v e l o c i t y ,  I f f t  c p e f f i c i e n t ,  and d r a g  
c o e f f i c i e n t  a g a i n e t  t ime ,  - F r o a  t h e s e  'basic r e l a t i o n s h i p s ,  
t h e  d a t a  i n  r e f e r e n c e s  3. t o  8 ,  and t h e  da ta  p r e s e n t e d  i n  
f i g u r e  2, i t  was p o s s i b l e  t o  compute the c h a r a c t e r i s t i c s  
o f  t h e  v a r i o u s  combina t ions  of  s p l i t  flaps and s l o t t e d  
f l a p s  0 F i g u r e  2, based on u n p u b l i s h e d  d a t a ,  p r e s e n t s  
e s t i m a t e d  e h a r a c t e r i s t i c s  of t h e  f i g h t e r  wing w l k h  a- 
s l o t f e d  f l a p .  

ft must be remembered t h a t ,  i n  t h e  u s e  o f  data f r o m  
r e f e r e n c e s  1 and  2,  cu rves  f o r  t h e  c o e f f i c i e n t  i e c r e m i n t s  
were drawn th rough  p o i n t e . . a t  f l a p  d6fEec tPcns  o f  o o ,  30'. 
and  60°, w i t h  no i n t e r m e d i a t e  p d i n t s .  Although thowe 
d a t a  a r e  c o n s i d e r e d  r e l i a b l e  and are s u f f i c t e n t  for u s e  
i n  d e t e r m i n i n g  t h e  c a p a b i l i t i e s  o f  a sys t em,  i t  is recom- 
mended t h a t  more data a t  i n t e r m e d i a t e  f l a p  d e f l e c t i o n s  b e  
o b t a i n e d  f p r  u s e  i n  s p e c i f i c  d e s i g n s .  

DISCVSSIQS 

P e r f o r a t e d  Double- Spl i t  F l a p s  
., - . 

The computed c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n e  equipped  
w i t h  v a r i o u s  a r r angemen t s  of p e r f o r a t e d  d o u b l e- s p l i t  f l a p s  
a r e  shown i.n figures 3(a) t o  5.  The e f f e c t s  o f  a l t i t u d e  
azd d i f f e r e n t i a l  ope ra t5on  of t h e  flaps %re shovri i n  f i g -  
u r e  3 ( a )  f o r  t he  f l a p s  l o c a t e d  a t  0 . 7 9 2 ~ .  The e ' f fec2s  O f  

' i n c r e a s e d  a l t i t u d e  are t o  i n c r o a s e  t h a  naximum aece18ra -  
t i o n  and t o  d e c r e a s e  t h e  i n d i c a t e d - v e l o c i c y  reduct i .on,  
USth d i f f e r e n t i a l  o p e r a t i o n  o f  t h e  f l a p s  t h e  changes  i n  
t h e  wing pitching-moment c o e f f i e i e n t s  and a n g l e  o f  a t tack  
d u r i n g  d e c e l e r a t i o n  Can b e n?inimieed an i n  scme c a s e s  
can b e  e l i m i n a t e d ,  F i g u r e  3 ( b )  shows t t f o r  t h e  same 
f l a p s  a change i n  i n i t i a l  indicated v e l o o i . t y  f r o m  400 t o  
300 m i l e s  p e r  hour  dec reased .  b o t h  t h e  ma,ximum a c c e l e r a t i o n  
and t h e  i n d i c a t e d- v e l o c i t y  r e d u c t i o n  'by about 40 p e r c e n t *  
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Moving bo th  t h e  f l a p s  fo rward  t o  t h e  0.60~ l i n e  i a c s e a s e d  
b q t h  t h e  maximum a c c e l e r a t i o n  and t h e  i n d i c a t e d- v e l o c i t y  
r e d u c t i o n  by about 10  p e r c e n t  ( f i g .  4). F i g u r e  5 shows 
t h e  computed c h a r a c t e r i s t i c s  o f  the  a i r p l a n e  w i t h  t h e  
uppe r  f l a p  l o c a t e d  a t  0 , 7 9 2 ~  and the  lower  f l a p  l o c a t e d  
a t  0 . 4 0 ~ ;  t h i s  arrangement  p roduced  t h e  same a c c e l e r a t i o n  
and i n d i c a t e d- v e l o c i t y  r e d u c t i o n  as t h e  arrangement  h a v i n g  
b o t h  f l a p s  a t  0 , 7 9 2 ~  bu t  p roduced  a much l a r g e r  change Sn 
wing pitching-moment c o e f f i c i e n t .  %ta i n  r e f e r e n c e s  1 
and 2 i n d i c a t e ,  however,  t h a t  t h e r e  would be  l e s s  wake 
e f f e c t  on t h e  t a i l  of t h e  f i g h t e r  a i p p l a n e  under  cons id-  
e r a t i o n  i f  t h e  s t a g g e r e d  f l B p s  were u sed .  The  e s t i m a t e d  
wake l o c a t i o n s  are  i n d i c a t e d ,  i n  f i g u r e  6. 

Combination of S l o t t e d  and  S p l i t  Flaps 

The computed c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n e  equipped  
w i t h  a s l o t t , e d  f l a p  and t h r e e  s i z e s  o f  p e r f o r a t e d  upper -  
s u r f a c e  s p l i t  f l a p  l o c a t e d  at 0-8Oc a r e  shown i n  f i g u r e s  
7 t o  9. From t h e s e  f i g u r e s  i t  can b e  s e e n  t h a t  t h e  f l a p -  
d e f l e c l t i o n  sys t em and the s i z e  o f  t h e  uppe r- su r face  f l a p  
can  be  s o  d e s i g n e d  t h a t  t h e  e f f e c t s  o f  t h e  f l a p s  on a n g l e  
of a t t a c k  and  wiag pitching-moment c o e f f i e i e n t  w i l l  b e  
minimized.  

A more comple t e  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  o f  any 
o f  t h e  f l a p  a r r angemen t s  on t h e  l o n g i t u d i n a l  s t a b i l i t y  and 
c o n t r o l  shou ld  b e  made by wind- tunnel  t e s t s  of  a comple te  
model of any p roposed  i n s t a l l a t i o n .  Pas t  e x p e r i e n c e  h a s  
shown t h a t ,  in any b r a k e  i n s t a l l a t i o n  u t i l i z i n g  s p l i t  
f l a p s ,  t h e  a r e a  o f  t h e  f l a p  shou ld  be  seduced  by a t  l e a s t  
25 p e r c e n t  by p e r f o r a t i o n s  i n  o r d e r  t o  r educe  t a i l  b u f f e t -  
i n g .  

O p e r a t i n g  Forces  

B l a r g e  amount o f  d a t a  h a s  been p u b l i s h e d  on t h e  
hinge-moment and l o a d  c h a r a c t e r i s t i c s  o f  v a r i o u s  s p l i t  
and s l o t t e d  f l a p s ,  but c o m p a r a t i v e l y  l r t t l e  is known about  
t h e  e f f e c t s  of  p e r f o r a t i o n s  o r  of v a r i o u s  methods o f  Op- 
e r a t i o n  on t h e  f o r c e s  r e q u i r e d  t o  d e f l e c t  s p l i t  f l a p s .  
The r e s u l t s  o f  some expe r lmen t s  on v a r i o u s  methods o f  Op- 
e r a t i n g  s p l i t  f l a p s  have been r e p o r t e d  i n  r e f e r e n c e  4 b u t  
t h e  e f f e c t s  o f  J a r g e  amoun t s  o f  p e r f o r a t i o n  were a p p a r e n t l y  
n o t  c o n s i d e r e d ,  In view of  t b e  r a p i d  f l a p  o p e r a t i o n  r e-  
q u i r e d  a t  h igh  v e l o c i t i e s  i n  t h e  u s e  o f  f i g h t e r  b r a k e s ,  
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2 t  i s  recommended t h a t  a d d t t t o n a l  r e s e a r c h  b e  u n d e r t a k e n  
t o  de te rx l ine  t h e  e f f e c t s  o f  p e r f o r a t i o n s  asd methods o f .  
o p e r a t i o n  o n " t h e  l o a d s  and t h e  o p e r a t i n g  f a r c e s  o f  b r a k e  . 
f l a p s .  

C ONCLUD I NO BEHARHS 

An approx ima te  niethod fdr t h e  a p p l i c a t i o n  o f  da ta  on 
v a r i o u s  t y p e s  o f  f l a p  t o  t h e  d e s i g n  o f  f i g h t e r  "orakes:has 
been  p r e s e n t e d  t o g e t h e r  w i t h  s e v e r a l  examples ' o f  i t s  ap- 
p l i c a t 9 o n .  The examples pr ,esen teB @how t h e  computed e f-  
f e c t s  o f  f l a p  t y p e ,  s i z e ,  l o c a t i o n ,  and  d e f l e c t i o n  a s  we1L 
as t h e  e f f e c t s  o f  al ,Lituda a.nd i n i t i a l  v e l o c i t y  on t h e  
b r a k i n g  c h a r a c t e r i s t i c s  of a f i g h t e r  a i r p l a n e .  The r e s u l t s  
o f  t h e  s t u d y  i n i i i c a t e d  t h e  d e s i r a b i l i t y  o f  o b t a i n i n g  more 
comple t e  d a t a  OR t h e  v a r i o u s  t y p e s  o f  f l a p  a n d  also t he  
d e s i r a b i l i t y  o f  wind- tunnel  t e s t s  for  d e t e r m i n i n g  t h e  e f -  
f e c t s  o f  t h e  b r a k e  flaps on t h e  l o n g i t u d i n a l  s t a b i l g t y  and 
c o n t r o l  c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n e .  

I n  view of  t h e  c a m g a r a t i v e l y  r a p i d  f l a p  o p e r a t i o n  r e-  
q u i r e d  a t  h igh  v e l o c i t i e s  i n  t n e  uge o f  f i g h t e r  brakes, 
i t  a p p e a r s  t h a t  a d d i t i o n a l - k e s e a r c h  on f l a p  l o a d s  and 0p.r 
e r a t i n g  f o r c e s  i s  n e c e s s a r y .  

Langley  M d m o s i a l  A e r o n a u t i c a l  L'aborat o ry  , 
X ~ t j  0;; c*i. Aavi s ory  Commi t t ee  f o r  'Aer onant  5 c s , 

Lafigley F i e l d ,  V a .  

, 
. .  
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Figure I-- Three- view drs win? of fhe flyhter a/ip/ane 
qssumed in the computqtlons. 
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